Introduction
Multiple evanescent white dot syndrome (MEWDS), first reported by Jampol et al. [1] in 1984, is an acute retinopathy that typically manifests unilaterally in young adults. Although numerous studies have characterized the associated clinical features based on the results of fluorescein and indocyanine green angiography [1, 2] , electroretinography (ERG) [3] , and optical coherence tomography (OCT) [4] , the cause of this condition remains to be elucidated. Most patients complain of a sudden onset of vision loss, associated with photopsia and a preceding flu-like illness. Gass [5] proposed the possibility of a viral infection while Jampol et al. [6] suggested that MEWDS is a specific type of autoimmune disease.
MEWDS is usually a self-limiting condition with patients recovering and achieving a good visual acuity within several weeks, but some cases lead to acute zonal occult outer retinopathy (AZOOR) [7] . The prognosis may be difficult to determine due to the overlying similarities of MEWDS, multifocal choroiditis with panuveitis, punctate inner choroidopathy and AZOOR, all of which can involve white dots and/or an enlarged blind spot [8, 9] .
Here we report a case of MEWDS after a human papillomavirus (HPV) vaccination, showing progressive concentric visual field loss. The results of fluorescein angiography (FA) showed a marked response to immunosuppressive therapy.
Case Reports
At the end of August 2011, a 16-year-old girl presented to Gunma University Hospital with throat pain, headache, and photopsia in the left eye. She had received her second HPV vaccination (Cervarix ® , Glaxo Smith Kline) on August 10, 2011 (the first was on July 9, 2011 and the third on January 30, 2012). The patient had also presented asymptomatically with high levels of anti-nuclear antibodies when she was 12 years old.
The patient's Snellen visual acuity was 1.2 in both eyes. Numerous white dots were seen in the nasal retina of the left eye ( fig. 1a ). Static perimetry showed sensitivity loss in the temporal inferior visual field of the left eye ( fig. 1d ). Full-field ERG was performed using the International Society for Clinical Electrophysiology (ISCEV) standard protocol. The results for all protocols revealed non-specific reduced amplitudes. OCT showed the disappearance of the inner-segment/outer-segment (IS/OS) line at the nasal retina ( fig. 1i ) and the intact fovea ( fig. 1j ). The diagnosis was MEWDS.
Two months later, the white dots had largely disappeared, but perimetry showed a worsening of the visual field in the left eye. Four months later, perimetry revealed further expansion of this loss of sensitivity in the superior nasal as well as inferior temporal fields ( fig. 1e ).
Seven months later, the patient visited Kyoto University Hospital in search of a second opinion. Her visual acuity was 1.2 in both eyes. Arterial narrowing was observed ( fig. 1c ), but no white dot or bone spicule pigmentation was visible. OCT revealed a parafoveal photoreceptor loss ( fig. 1k ). Areas of hyper-autofluorescence were observed at the posterior pole in the left eye ( fig. 2c ). FA revealed leakage from the mid-peripheral vasculature ( fig. 2e ). ISCEV standard ERG showed subnormal amplitudes and the patient's laboratory results were negative for anti-recoverin antibody; no other specific retinal antibody was detected by Western blotting in our laboratory. The patient's atypical scotoma and the leakage observed on FA were not compatible with AZOOR while the lack of retina-specific antibodies ruled out autoimmune retinopathy.
One and a half years after the onset of symptoms, the patient reported a subjective worsening of her visual field. The perimetry results supported the diagnosis of a scotoma enlargement ( fig. 1g ). The areas of hyper-autofluorescence at the posterior pole showed further concentric restrictions ( fig. 2d ). FA was performed again and revealed a marked increase in vascular leakage ( fig. 2f) . Notably, the administration of fluorescein induced nausea and a skin rash that resolved rapidly. We then initiated immunosuppressive therapy (methylprednisolone 1,000 mg/day), after which the patient reported throat discomfort and a return of the skin rash. We stopped the use of prednisolone because of this allergic response. Instead, the patient was treated with betamethasone (200 mg) and anti-histamine for 3 days. The results of FA performed 1 week after therapy showed a drastic reduction in leakage from the vasculature (fig. 2g ). The course of steroid treatment was tapered gradually to a maintenance dose of 0.5 mg betamethasone/day. Six months after the initiation of this course of treatment, the perimetry results showed no further regression of the patient's visual field ( fig. 1h ). However, FA revealed recurrent leakage ( fig. 2h ).
Discussion
The patient's initial symptoms were characteristic of MEWDS: flu-like illness, photopsia, numerous yellow-white spots at the level of the retinal pigment epithelium, and abnormal ERG results. Her visual field continued to worsen for 2 years after the white dots on her fundus had disappeared. Exacerbation of the patient's symptoms was paralleled by a decrease in size of the area of hyper-autofluorescence as well as a shortening of the IS/OS line. These symptoms are not typically associated with MEWDS. So far, recurrence [10] , AZOOR [7] , and/or choroidal neovascularization [11] have been reported after MEWDS, and it might be possible to diagnose this case as AZOOR with MEWDS depending on the abnormal thinning of the outer retina. However, we noticed differences compared to previous cases of AZOOR associated with MEWDS, which had a unique history of HPV vaccination and marked leakage from the vasculature in FA.
Prophylactic vaccines against HPV represent a cost-effective tool which can reduce the incidence of cervical cancer. Cervarix, which is a bivalent vaccine against HPV types 16 and 18, was approved in 2009. The GlaxoSmithKline Vaccine HPV-007 Study Group concluded that the frequency of serious adverse events in the vaccine group was similar to that observed in the placebo group [12] . Myalgia, fatigue, headache, cold, rash, and fever are known as mild and common adverse events, but there has been no report of eye disease secondary to HPV vaccination. However, the occurrence of MEWDS was previously reported in association with hepatitis A and B [13, 14] . Considering the patient's recent vaccination, her history of abnormal antinuclear antibody levels, and her allergic response to several drugs, the HPV vaccination may have induced her abnormal retinal findings.
To our knowledge, the previously reported case of AZOOR accompanied by MEWDS showed minimal leakage on FA [15] , but in our case, leakage was present at 7 months and increased at 17 months after onset. Generally, vascular leakage indicates a breakdown of the blood-retinal barrier. In diabetic retinopathy or retinal vein occlusion, elevated levels of vascular endothelial growth factor (VEGF) increase vascular hyperpermeability. The standard approach to therapy is anti-VEGF therapy. In uveitis, an autoimmune eye disease, phlebitis is usually controlled by immunosuppressive drugs such as steroids. In this case, the patient's serum samples showed no evidence of retina-specific autoantibodies. Her worsening vision urged us to start immunosuppressive therapy along with autoimmune retinopathy, and that resulted spontaneously in a marked improvement of leakage. Five months after steroid pulse therapy, on a maintenance dose of 0.5 mg/day, recurring leakage was observed. Due to the short-term nature of our observation period, we could not determine whether our approach to management will ultimately preserve the patient's visual function. However, her rapid response to steroid treatment indicates that the pathogenesis of her condition involved an impaired autoimmune response.
This case of MEWDS after HPV vaccination showed progressive concentric visual field loss. FA revealed a dramatic response to immunosuppressive therapy. This supports the hypothesis that the cause of MEWDS is related to immune function. 
